that protection is afforded by bona fide initiation comlowered activity of ATP␥S-initiation complexes could be due to a diminished affinity for DNA resulting in complex formation, but not by holoenzyme binding in itself. Utilizing this endonuclease protection assay, initiation plexes that were subsaturated in DNA. However, the activity levels of ATP␥S-initiation complexes were not complexes were formed with holoenzyme in the presence of ATP or ATP␥S and subjected to denaturing elecincreased to that supported by ATP when we increased the DNA to enzyme ratio ( Figure 1D ). The ratio of DNA trophoresis ( Figure 1A, lanes 2 and 3) . Quantification indicated that initiation complexes formed in the presto enzyme required to saturate initiation complexes formed in the presence of ATP was 2-fold higher than ence of ATP␥S protected only 56 Ϯ 5% of the 32 P-50/87-mer primed template protected by initiation complexes the ratio required to saturate complexes formed in the presence of ATP␥S. These results are consistent with formed in the presence of ATP ( Figures 1A and 1B) . This suggests that in the presence of ATP␥S, the dimeric the notion that ATP␥S-initiation complexes have an occupancy of one DNA molecule per dimeric enzyme leavholoenzyme only bound and protected one equivalent of DNA and complexes formed in the presence of ATP ing one Pol III assembled within holoenzyme unoccupied. protected two equivalents, consistent with our previous observation of a 2-fold difference in active initiation complexes formed.
ATP␥S-Initiation Complexes Can Bind and Replicate a Second Molecule of DNA When we formed initiation complexes with holoenzyme in the presence of ATP or ATP␥S and isolated
Only in the Presence of ATP, ␤, and SSB We next determined whether the unoccupied Pol III them by gel filtration, we found that complexes formed with ATP␥S possessed half the activity as those formed within the ATP␥S-initiation complex could bind, incorporate, and replicate a second molecule of DNA. We using ATP ( Figure 1C ). We were concerned that the formed and isolated an ATP␥S-initiation complex on primed-M13Gori DNA and incubated it with a 32 P-50/87-mer in the presence of ATP, ␤, and SSB. Elongation of the 32 P-labeled 50-mer following addition of dGTP resulted in formation of an 87-mer. The 32 P-50/87-mer was replicated by an ATP␥S-initiation complex only in the presence of ␤, ATP, and SSB (Figure 2A, compare  lanes 1-4) . These results demonstrate that ATP␥S-initiation complexes with an M13 molecule bound in one Pol III active site can form a second, distinct, replicationcompetent initiation complex in the dimeric holoenzyme's other Pol III site. Unlike the initial ATP␥S-initiation complex formation step, which requires ATP and ␤, complex formation in the second Pol III site also requires the presence of SSB.
Both Pol III molecules within an isolated ATP-initiation complex are occupied by an M13 DNA molecule and therefore should be unable to replicate additional 50/ 87-mer DNA. As a control, we formed ATP-initiation complexes at a limiting ratio of M13 DNA to Pol III (1.2:1). After isolation, the DNA-deficient ATP-initiation complexes were able to replicate a second molecule of 50/ 87-mer DNA with their vacant Pol III site, provided SSB was present ( Figure 2B , compare lanes 1 and 2). When ATP-initiation complexes were assembled at excess saturating ratios of M13 DNA to Pol III (3.6:1), isolated complexes no longer had an available site to load and replicate the added oligonucleotide primed template ( Figure 2B, lanes 3 and 4) . In contrast, isolated ATP␥S-initiation complexes could still load and elongate a second primed template even with complexes formed with excess M13 DNA to Pol III ratios prior to isolation ( Figure  2C , compare lanes 1 and 2 with 3 and 4). This result We formed an ATP␥S-initiation complex on an avidin by the absence of radioactivity in the elution profile at the ATP␥S addition step (data not shown), consistent bead-DNA matrix using a biotin-tagged 50/87G-mer as the first primed template incorporated into an initiation with the expected remaining -SSB-template association. Therefore, ATP␥S had no effect on the replication of complex (Figure 4) . The 50/87G-mer is replicated upon the addition of only dGTP. We designated initiation comthe initiation complex formed first (IC-1), but dissociated and inhibited the replication of the initiation complex plex formation in the first side of the dimeric replicase . These systems mimic their in vivo counterparts by repliand allows DNA dissociation, and, presumably, cycling in only one side. The ATP␥S-sensitive side is likely the cating both the leading and lagging strands of DNA by a coupled mechanism. Using the E. coli rolling circle lagging strand side of the asymmetric holoenzyme, consistent with the requirement for SSB to form replication system, we tested our hypothesis that the lagging strand complex should be ATP␥S sensitive. We were unable complexes in this side only and the established lagging strand role of SSB and its association with in lagging to examine the effect of ATP␥S in a fully reconstituted coupled system because the helicase action of DnaB is strand replication (Kelman et al., 1998 has undergone an isomerization which limits its activity to one side of the polymerase, remain to be determined.
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M13 Initiation Complex Formation and Gel Filtration
Whatever the mechanism is which focuses the clamp Characterization of Initiation Complexes Containing Two Distinct Primed Templates were purified as described. Pol III* refers to a -reconstituted exonuclease-deficient Pol III* prepared by incubating a 4-fold molar Replication of the 32 P-50/87G-mer by isolated ATP-or ATP␥S-initiation complexes (Figures 2A-2C ) was accomplished by incubating excess of exonuclease-deficient Pol III with complex at room temperature for 10 min. In all experiments within this report, we use initiation complex with ATP (0.6 mM), ␤ (36 pmol dimer), SSB (120 pmol tetramer), 32 P-50/87G-mer (1 pmol), and dGTP (50 M) for 2 a DNA-primed template in initiation complex assays; thus, it was necessary to use the exonuclease-deficient Pol III containing an min at 30ЊC in a 200 l reaction. Reaction products were subjected to 12% urea PAGE and visualized by phosphorimagery. active-site mutation in ⑀. This exo-deficient Pol III functions identically to wild-type Pol III in all assays tested with the exception of Experiments determining conditions which facilitate binding of the 32 P-50/87G-mer to and gel filtration with preisolated ATP␥S-the absence of the 3Ј to 5Ј exonuclease activity.
ATP␥S was from Roche Molecular Biochemicals. dADPNP was initiation complex ( Figure 2D ) were performed as follows. One hundred femtomoles initiation complex were incubated with the 32 P-50/ from TriLink BioTechnologies, Inc. Oligonucleotides were synthesized and PAGE-purified by Synthetic Genetics Inc. The sequence 87G-mer (800 fmol) and either ATP (0.6 mM) and ␤ (36 pmol dimer), SSB only (570 pmol tetramer, preincubated with the 50/87G-mer of the 50T-mer is: 5Ј A C T
T C T C C T A G G T A T T C T C A C T C C G C T G A A C T G T T G A A T T C T G T T A A C C 3Ј. The
prior to addition to initiation complex), or ATP, ␤, and SSB for 2 min at 30ЊC. The mixture (100 l) was loaded onto a 24 ml Superose 6 87T-mer's sequence is: 5Ј A (A) 35 G A T G A A G G C G C A T A G 
A G G T T A A C A G A A T T C A A C A G T T T C A G C G G A G T G A G A A T A C C T A G G
G C T G G C T G A C C T T C G G A T C C A G T A A T C C 3Ј
. The 87G-mer's sequence is: 5Ј T* C fmol) was determined by scintillation counting.
